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Effects of 
ELECTRIC SHOCK 



An engineering report discussing in detail the three major causes of accidental electro- 
cution. Considerations of voltage, current, frequency and duration are taken up. Chances 
for Hurvival under various conditions are analyzed. Klectrocardiograrng are shown 



WN ELECTRICAL ENGINEER'S knuwl- 

XX *^cige of the response to an ap- 
pHed electromotive force should not 
be limited to networks of resisluiice, 
capaciUnce. and inductance. It 
should include, also, the response of 
a human being. Unfortunately, the 
engineer usually knows little more 
than the layman about the latter 
subject, even though he is much 
more exposed to the hazards of elec- 
tricity than is the average person. 
This article is written to acquaint 
the engineer with the basic princi- 
ples of the effect of electricity on 
the human organism. 

The first recorded death due to 
electricity was that of a stage car- 
penter at Lyon in 1879. He touched 
a 250-voIt line. This, however, was 
not the first use of lethal electric 
potentials, for they were used as 
early as 1849 in the first perform- 



ance of Mt-yerbeer's 'II Prophetc", 
and in 1857 in lighthouses in Eng- 
land. As early as 1890, the electric 
chair wa.<5 introduced by the state 
of New York. Here voltages of 
1200 to 1700 voltH were used. In 
electrocutions currents up to 8 am- 
peres were sent throujfh the vic- 
tim's body for 3 to 8 minutes. 
_ The death rate due to accidental 
electric shock was low at the be- 
ginning of the century, being about 
200 a year in countries like Eng- 
land, the United States, and Ger- 
many. It rose rapidly, until in 
1915 the rate was 0.8 per 100,000 
annually. Since then it has re- 
mained quite constant, and at 
present is 1 per 100,000 per year. 

Call*! •! D*ath by Ihock 

Death by electricity is due to one 
of three fundamental causes: a 










cessatiuii of respiration due to • 
block in the part of the nervous 
system controlling breathing; a 
serioira n.'duction of the circulation 
of the blood, due to ventricular 
fibrillation of the heart; or an over- 
heating of the body. Of the three. 
the second of these is the most dan- 
gerous, for there is no practical 
way of bringing H fibrillating heart 
into a normal beat. Of course, 
dt'ath may be the result of a com- 
bination of the above causes, or due 
to comiilications, such as a broken 




FIG. 3 — Eflvct oi alactric cun*Ql oc itu- 
captlbLUlT ol iliaap bttorti M Tantrlctilctr 
Itbrillallas. Each ibock wna oppLiMl for 
tU)3 **c al (0 cpi. 1b IK* bumi MiulH-r* 
pan ol Iba cycl* 



neck, etc. The mechanisraa of death 
will now; be discussed in more detalL 

VarUtlaa* la laiy R«*l»tMM 

In the layman's mind, (aa well 
as in that of the engineer) a great 
deal of confusion exists as to 
whether the current or the voltage 
of the circuit is the determinlaf 
factor in death. Thli Is quite in- 
excusable, for aa early aa 1913' Ifc 
was d«Arly underatood that tb* 
curreat pasting through a person'* 
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(rather than the voltage ap> 
I) wa* the determining factor, 
reajon for the wide variation 
In Toltaft nM|«lr«d to aend a lethal 
Wrrwit through a human body is 
that the resiatance of the body 
Mriea from 1000 ohma when wet 
to 800,000 ohma when drjr, 
. The resiatanM of the body is 
pad* up of the akin reaistunce and 
lb« internal resistance. The former 
fi large when the skin is dry (70,- 
•00 to 100,000 ohma per aq. cmj, 
but fails to leaa than a hundredth of 
fliis value when wet. The internal 
raaistance is low because the ten- 
dona, muBcies, and blood are rela- 
ttval7 good conductor!*. 

In high-voltage shocks serious 
Inima are often produced because 
flia high voltage punctures the 
enter akin. The body resistance 
th«n suddenly falls from a high 
TBloa to the low value of the in- 
tenuJ reaistance. 

It la understandable that the ef* 
fact a given current will have de- 
poids on the current path through 
the body. It is found that the heart, 
tba brain, and the spinal column 
are the three most critical regions. 

Iffact wf Curraiif Maqathitf* 

Lit at consider the effects pro- 
duced when the magnitude of a 60- 
cycle current is slowly increased. 
Numerous studies' have .shown that 
the threshold of perception is 1 ma. 
In other words, currents less than 
1 ma are not even ft?lt, provided- 
abnormally large current den.'^liies, 
aa result from pin-point contacts, 
are not produced. 

Currents from 1 to 8 ma are per- 
ceptible, but not yet painful. When 
the currents reach a value of 8 to 
Ifi ma they are painful, and cause 
an involuntary contraction of the 
nnadea affected, Muscular control. 
however, can still be exercised. Cur- 
rants of 16 to 20 ma are painful, 
«auaa Involuntary contraction, and 
aoacular control is lost. Currents 
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Shuck to Heart B«at 



of 20 to 50 ma. passed between 
arms, or an arm and a leg, involve 
the chest muscles and breath- 
ing becomes difficult. Currents 
of 100 to 200 ma. when passed 
through the body in » path that in- 
volves the heart region, produce 
ventricular fibrillation (an uncoor- 
dinated beating of the various heart 
mu.Hcles). 

Currents in excess of 200 ma 
produce burns; if they take a path 
involving the heart region, the 
heart action is suspended for the 
duration of the current passage, 
but K^n orally is resumed at the end 
of this period. 

If the path involves the part of 
the nervous system controlling 
respiration {such as hand to hand, 
hand to foot, head to hand, etc.) a 
block in the respiratory system is 
produced.- If artificial respiration 
is applied, the body may resume 
its own breathing after as long as 
8 hours; if the damage to the 
respiratory - controlling nervous 
pystem is severe, however, breath- 
ing may be suspended indefinitely. 

Vaatrlcalar NbrlllaftM 

The phenomena of ventricular 



fibrillation and respiratory block 
deserve closer attention. Ventricu- 
lar fibr illation is an uncoordinated 
contraction of the various heart 
muscles, which makes the heart 
practically useless aa a pump. The 
phenomenon can better be under- 
stood by reference to the electro- 
cardiogram and diagram of a nor- 
m^ heart in Fig. 1. The stimulus 
.4 corresponds to the contraction 
of the auricles, which contract to- 
gether. The stimulus B corresponds 
to the contraction of the ventricles, 
which also contract together. 

The electrocardiogram for ven- 
tricular fibrillation can easily l>e 
recognized, for it has the irregular 
pattern shown in Fig. 2,' Experi- 
mental work on human hearta in 
regard to fibrillation is of course 
impossible. But guinea pigs, rab- 
bits, and sheep also are subject to 
flbr illation, so considerable work 
has lieen done with them. 

The variation of the percentage 
of shocks cau.fing fibrillation with 
the magnitude of the current passed 
through the body of a sheep is 
shown in Fig. 3.' Each point repre- 
sents about 75 trials. Note that the 
susceptibility increases with cur- 
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TABLE I. 
RESULTS OF A BRIEF EXPOSUIE TO A-C POTENTLAtS 



Body rakuuuioe 
uMmMl tube 


IMvah* 


1000 volU 10.000 volU 


Very tow, with f/aoA 

OoilLa<:t 
(About 1,000 obmi) 


m%fal bums 


( 

PralMbb dcMth: i Survival; burns and 
marktul buriu otLer miquftae; 
1 very itcvere 


Hwber 

(Aboul 10,000 obnu) 


Pdnfu) shock: 
no injury 


Ocrtain death; 
l>«bl> HUxhl 


l'rahaU« dealli: 


Hiitfa wiOi bad 

OODtBCtli 

(About 100.000 ohmt) 


ScM«-h r«it 


PminfiU tborJi. 
bul ew afvrtr 
injury 


l>rlain dtiM; burn* 
!(lifttil if Tf^Ui- 
am* ^t>lnlun^ 

hiith 



rent up to a maximum, and then de- 
creaaea as the current is increa.sed 
further. This is in agreement with 
observed data on man, for it has 
been observed that as the voltage 
increases on hijch-voltage shocks, 
the percent that can be resuscitated 
iiicrp-aaes. 

For shocks short in duration 
compared to a heart cyclf, the prob- 
ability of producing fibrillation 
varie.i with the part of the heart 
cycle in which the shock occurs. 
This is shown by the dash-dash 
curvit superimposed on the electro- 
cardiogram in Fig, 4. This sensitive 
phase reprettents the decreasing 
contraction of the heart muscles. 
At any other time, the heart is 
quite insensitive to shock. 

Darof laa af Shock 

Finally, the effect of shock length 
was studied. The results are plotted 
in Fig. 6. Note the sudden increase 
in susceptibility to fibrillation as 
the shock length approaches the 
length of the heart cycle. WTiat 
happens to this curve as the shock 
length is decreased to much smaller 
values, say one microsecond, is an 
interesting question, but no au- 
thentic data is available on this 
subject. ^ 

t«tB*ctt«tlM Pri««l||laa 

Numerous methods have been 
tried to bring a fibriUating heart 
back to a coordiDated beat Of these 
th* method of cooater ahock Arst 
used by Abilgaard in 1775 to arrest 
fibrillation in cocks se«ms the moet 
pnnolaing. It has been used with 
•neeesa on guinea pigs and dogs. 
It eonaists of an «pplic«tioc of a 
shock of high intensity and short 
4ui'»tioa throu^ the Yumrt. Tb(|. 



obstacles encountered in trying to 
apply this to humiiiis are: (1> dif- 
ficulty in dtti'rmininjf whether a 
heart is actually fibrillating; (2) 
the availability of proper facilities 
for applying the shock; <3) the 
counter nhock. if improperly ap- 
plied, may actually br^'ome the 
cause of the death. As a resiult, the 
recommended procedure in all cases 
of elcctrii' shix'k is to apply re- 
suscitation immediately, and not 
attempt to appl.v counter shm-k. 

In many cases of electric shock 
the victim becomes unconscious and 
stops breathing, bul his heart keeps 
on beating. This is due to a break 
in the nervous system controlling 
respiration. The nerves are para- 
lyzed by the currents and no longer 
transmit stimuli to the lungs. Here 
one difference between the opera- 
tion of the heart and lungs: becomes 
evident; the nervous center which 
controls the lungs ia located in an- 
other organ, the brain. 

The brain and heart must always 
be supplied with oxygen. If the 
oxygen supply ceases, the person 
first becomes unconscious. If the 
supply of oxygen to the brain is cut 
off for more than 5 to 8 minutes, 
damage is done to the Betz cells in 
the cortex of the brain. This dam- 
age is permanent and cannot be re- 
paired by the body. If the person 
should be brought back to life his 
mental capacity will be impaired. 
Serious damage of this kind results 
in idiocy. 

If the damage to the nervoua sys- 
tem is not too severe, the block will 
pass away (0 to 8 hours) and the 
person will resume breatbitLf of his 
own accord, provided the person 
has beeo kept alire by supplying 
the. vital eelU of the body with 



oxygen in the meantime through 
artiAcial respiration. This explains 
the prescribed procedure in all 
ca«es of electric shock : apply 
artificial resuscitation immediately 
and continue until rigor mortis seta 
in. 

In cases of severe damage to the 
cells of the nervous system con- 
trolling rt'.'«iHration (dislm-ation of 
the nuclei, swelling of the nucleoli, 
nnd cytopla.smic loss of granule) 
the natural breathing of the body 
is never resumed,' 

The third cause of death is exces- 
sive heating of the body. The res- 
son for death here in not -obscure. 
The detailed mechanism of death is 
a medical matter and its discussion 
would lead us too far astray. It is 
sufficient to remark that deAth is 
due to the destruction by heat of 
some vital organ, or to hemor- 
rhages, or to third-degree burns. 

E4«ct «f Fraqaaacy 

A further characteristic of cur- 
rent that determines its effect on an 
organism is its frequency. A ready 
example is that of diri'ct current 
and 60 -cycle alternating current. 
The bearable direct current is 

(f'ontinwrii on fiuj/c 2S0) 
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about three Udmi t^t 
cycle current. ThU 
Ijeen studied from two 
the tnaJtimuin current 
!ion could stand before 
cauHed and second, tliv 
i-urrent required to kill 
iitiitiialn. 

The former method of i 
litken by A. E. Kennellr 
Alejcajideraon.* Their d«t*'l 
niarized in Fi^. 6. In emcb ' 
I urnnt was Rlowly incre 
it was felt that furttaw 
would cause distrea*. Not* 
currrnt that can be (iilinHJ 
KUt distresH rises raptdl^ wllk! 
i|iii'ncy. 

Above 100,000 cps the only 
[inidufwi t»y the current 
i>r hrat. The explanation thtfti 
i>t(ti advanct'd for this behfti 
rhat the alternations of the 
are ttm rapid to have any eff« 
J hi' nerve cells. 

Tht! heatinf; effect of the bl| 
rriHjuency currents is used to 
\a(itaKe in diathermy 
A here fri'uiifncies of BOO.OpO 
inttO.diK) cpH with currents of 
'11 .") aniiwrvji an* used. A 
;ip|iliration is t'k-ctrosurBery. 
.1 phitiniim needle and a largo i 
Kiili.' :ir<' ii.st'd. The needle prods 
-iifh » hifrh curri'nt density 
till' tjssui'.t are completely 
•■troved by heat. 

Till- st'i'tind line of attack 
ttiki'i) liy A. G. Conrad and H, W. 
Ifajr^anl*. They studied tho cor- 
n-nt.s nt'ccssury tn cause death for 
.ohiH'ks of different durationa at 
various fre<|uenrii'fl. Their result* 
nn rata arp summarized in Fig. 7. 
Nttte that the amount of current r^ 
i|iiiri>d ti> kill increases with tka 
fffijuency. 

These re.HuIt.^ vm well as those of 
\V. Kouwenhoven, D. Hooker and 
E. Lotz' show that the frequendaa 
that are the most dangerous ai« 
thrise in the neightxirhood of M 
tps. 

Let us turn our attention to tho 
number of etectricaJ accident! that 
actually occur, and the percintac* 
of them that turn out to bo fstaL 
An analysis by E. KrohneP of MS 
electrical accidenta in GemuBr 
from 1930 to 1935 showed tkat tl4 
involved voltages under 500 
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with n average faWttr tiA\ 
percent. The renutwlng Vf/K^ 
ceived voltagee orer M>0 nlti^' ' 
a fatality rate here of 38 pei 

W. McLachlan* givoa mc 
tailed information baaed on 
of 476 caaee where electric!^ 
was the cause of death, sot 
resuscitation, broken necka, 
etc (Data by Krohne inclti 
theae eaaea, hence thla dltfo 
must be kept in mind whoii < 
ing the figures. The differ* 
particularly noticeable at 
voltages, where death from 
et£., fs more probable.) 
lan's figures are based oo U. 
Canadian industrial accideata, 
divide the accidents accordlsf ' 
the potential of the circuit involi 

Record of AccmaNTS by Porsimiii 
OF Crecurr Involvb) 



Volu 


fotiil 


Revj 


0-749 

750-4999 

5000-39,999 

40,000 and ovct 


65 
212 
167 

26 


63 
« 
69 
S8 



Note that the danger does 
necessarily increase with the 
age. This is due to two reaaooS) 
first, the muscular reaction is man 
pronounced at high voltages, ma]^ 
ing it more likely that the perMB 
will be thrown clear of the circuit: 
secondly, as data on animals Im* 
.shown, the heart is not thrown into 
fibrillation by very large currents 
(greater than 2.'i0 ma). 

Segregation of these cattes ae- 
cording to the method of clearing 
revealed that of 282 who fell clear. 
70 percent were successfully re- 
vived of 179 who were pulled claw 
from the circuit, 63 percent were 
revived. This may appear puzzling 
at first, for one would expect the 
difference to be more pronounced. 
Remember, however, that it takaa 
only a shock of a fraction of a min- 
ute to throw the heart into a fatal 
fibrillation or to cause a respiratory 
block. After that, the effect is a 
heating of the txtdy. It is true that 
if the heating is very severe, It may 
cause damage to the cells of the 
nervous system or severe burns, but 
often it Is not. 

The data by HcLachlan ahows 
that if resuscitation ia instituted 
•oon after the accident, the fatality 
can be reduced to 83 percent. Thia 
ia in agreement with the figure of 
28 percent obtained by Kawarui- 
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lira in a study in Japan; the flgUBa 
of 23 percent obtained by BarsNft 
in a study in France; and the aviK 
age faUtity rate for 1930-1986 ia 
Germany of 24 percent quoti^ 
earlier. 

Jex-Blake' summarizes in a {>ra^ 
tical form in Table 1 much of th* 
data pre-sented in this paper. 

LH«-Saviag PraeaatlvM 

\V> will close with a few practical 
fxrinters: 

1 . Uon't entertain a false f eelinf 
f»f security by believing that reau*' 
fi tat ion can alway.s liring a person 
back to life after an electric shock. 
If the heart is thrown into fibrilla- 
tion land this i.s (juite possible) for 
iill practical purposes death in in- 
Htaritaneous. 

2. In ca.st' of electric shock, apply 
artificial resuscitation immediately, 
tyi) not delay to summon a di»ctor 
but try til jtel help while resu.scilat- 
iiiK the victim, 

3. Never handle electric circuita 
with wet handH or when feet are • 
wet. 

4. If there its no other means ot 
re.Hcue, use your foot rather than 
your hand lo free the victim from 
ihe livi" circuit. 

5. When wf»rkinK •"> hitth volt- 
age, be sure the (lour i;; not a good 
etindiH'tor I as far as ekftric shock 
i»( concerned, a concrete floor is a 
goiKl conductor). 

6. When handling high-vollage J 
circuitH, it i.s a gtwid rule to keep 
your left hand in vnur pocket. 

7. Don't wuik in a iiosition where 
your heuil is likely tn iM-come a con- 
ductor in an electric shtn-k. 
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